In this article, we calculate the mass shift and decay constant of isospin averaged pseudoscalar Consideration of external magnetic field effects in hot and dense nuclear matter lead to appreciable modification in the masses and decay constants of D mesons. Furthermore, we also studied the effective decay width of higher charmonium states (ψ(3686), ψ(3770), χ c 0 (3414), χ c 2 (3556)) as a by-product by using 3 P 0 model which can have an important impact on the yield of J/ψ mesons.
I. INTRODUCTION
The construction of future Heavy Ion Collider (HIC), such as Japan Proton Accelerator
Research Complex (J-PARC Japan), Compressed Baryonic Matter (CBM, GSI Germany), Proton AntiProton Annihilation in Darmstadt (PANDA, GSI Germany) and Nuclotronbased Ion Collider Facility (NICA, Dubna Russia) will shed light on the non-perturbative regime of the QCD by exploring the hadronic matter in high density and moderate temperature range [1] . In HICs, two heavy ion beams are smashed against each other and as a byproduct Quark Gluon Plasma (QGP) comes into existence under extreme conditions of temperature and density, but it lives for a very short interval of time [2] . Subsequently, with the decrease of temperature, phase transition occurs in which QGP gets modified into hadronic matter by the process called hadronization [2] . Alongside the medium attributes such as isospin asymmetry (due to unequal no. of protons and neutrons in heavy ion), strangeness (due to the presence of strange particles in the medium), temperature and density, recently it was found that in HICs, a strong magnetic field is also produced having field strength eB ∼ 2 − 15m 18 gauss) approximately [3] [4] [5] . Since then, physicists are trying to understand how the presence of magnetic field affects the I st and II nd order phase transitions [4, [6] [7] [8] [9] . The time duration for which the magnetic field remains is a very debateable topic. Many theories suggest that the magnetic field produced in HICs does not die immediately due to the interaction of itself with the medium. The primary magnetic field induces electric current in the matter and due to Lenz's law, a secondary magnetic field comes into picture which slows down the decay rate of the magnetic field [9] [10] [11] [12] [13] [14] [15] 17] . These interactions increase the electric conductivity of the medium which further affects the relaxation time of the magnetic interaction and this phenomenon is called the chiral magnetic effect [4, [6] [7] [8] . The presence of magnetic field affects the yield of in-medium/vacuum chiral condensates hence the location of critical temperature T c is also affected and this process is known as (inverse) magnetic catalysis [6] .
Near the hadron phase transition, it is not possible to detect QGP directly due to its short-lived nature, hence many other indirect observations are used as a tool to understand its existence namely jet quenching [18] , strangeness enhancements [19, 20] , dilepton enhancements [21] [22] [23] and J/ψ (Υ) suppression [24] . In 1986, Matsui and Satz proposed the idea of J/ψ suppression on the basis of color debye screening [24] . In this mechanism, when the debye screening radius becomes less than the charm quark system's binding radius, the charm binding force can no longer keep c andc quark together. These free charm quarks (antiquarks) form bound state with free light quarks (u, d, s) in the medium to form D mesons. The in-medium effects on open charm mesons are more than the quarkonium. This is due to the fact that the in-medium properties of D mesons depend upon light quark condensates which varies appreciably with the medium whereas, for charmonia (bottomonia), it depends on gluon condensates which do not change much with density [9, 25] . It may also be noted that J/ψ suppression occurs not only due to QGP formation, but because of, density-dependent suppression, comover scattering [26] and nuclear dependence of D and B
(for Υ suppression) mesons [27, 28] too. Higher bottomonium and charmonium states decay to Υ and J/ψ mesons respectively and hence are considered to be the major source of these ground state mesons [24, 29] . Under the effect of different medium conditions, if the mass of D (B) meson decrease appreciably, then these higher quarkonium state will prefer to decay in DD (BB) meson pair rather decaying in conventional J/ψ (Υ) meson. In AA and pĀ collisions, the decay width of higher quarkonium states and other experimental observables [30] can be directly measured experimentally to validate the phenomenological results [31] .
QCD Phase diagram is a graphical representation to account the different QCD regime's physics with different medium parameters. To study this diagram in hadron phase, several potential models are constructed on the basis of effective field theory by incorporating basic properties of QCD notably broken scale invariance and symmetry breaking [9, 32] . Some of these models are: Walecka model [33] , Nambu-Jona-Lasinio (NJL) model [34] , chiral SU (3) model [9, 32, [35] [36] [37] , QCD sum rules [38] [39] [40] [41] [42] [43] , Quark-Meson Coupling (QMC) model [44] [45] [46] [47] [48] [49] , and coupled channel approach [50] [51] [52] [53] . In above approaches, the effect of thermal and quantum fluctuations are neglected by using mean field approximations. These fluctuations are included by modified potential models such as Polyakov Quark Meson (PQM) model [54, 55] , the Polyakov loop extended NJL (PNJL) model [56] [57] [58] and Functional Remormalization Group (FRG) [59, 60] techniques. In addition, the decay width of the heavy mesons have been explained through various models, i.e., 3 S 1 model [61] , elementary meson-emission model [62] , flux-tube model [63] and 3 P 0 model [31] .
Our present work is in a threefold way. At first, we calculate the in-medium quark and gluon condensates from the chiral SU(3) mean field model and secondly use them in QCDSR to calculate the medium induced mass and decay constant of D mesons in the presence of magnetic field. At last, by using 3 P 0 model, we study the magnetic field induced decay width of higher charmonium states. The in-medium properties of meson under the effect of strong magnetic fields have been studied by various non-perturbative techniques in the literature [29, [64] [65] [66] . For example, in Ref. [15] , the properties of D meson in strongly magnetized asymmetric nuclear matter was studied using chiral SU(4) model and observed an additional positive mass shift for the charged D meson, due to interaction with the magnetic field. In addition to this, under the effect of magnetic field the mass spectra of D mesons and mixing effects between pseudoscalar and vector D mesons have been studied with the use of Operator Product Expansion technique of QCDSR by Gubler et.al. [67] . The magnetic induced decay width of higher charmonium states into lower charmonium states are calculated with the joint approach of chiral model and 3 P 0 model [68] . In this work, author observed appreciable magnetic field effects in the cold nuclear matter . The process such as chiral magnetic effect and (inverse) magnetic catalysis shows great effect on the physics of deconfinement and chiral symmetry breaking. The analytic crossover, critical point and phase transition of QCD Phase diagram is studied extensively in the literature [6, 69, 70] .
In addition to these articles, the effect of strong magnetic fields is also studied on the properties of ρ meson [71] , B meson [72, 73] , charmonium [9, 16, 17, 74] and bottomonium states [74, 75] . A lot of work has also been done without taking the effect of magnetic field. For example, Tolos et.al. investigated the increase in the mass of D mesons in the nuclear medium using a coupled-channel approach [52] . In the QMC model, Tsushima and Khanna observed a negative shift of D mesons in the nuclear medium and also discussed the possibility of the formation of D mesic nuclei due to the attractive interaction of D meson with the medium constituents [76] . The chiral SU(3) model was generalised to SU(4) sector to study the in-medium mass of pseudoscalar D mesons [77] . In this article, along with the in-medium mass of D meson, authors also studied the decay width of higher charmonium states into DD pairs using 3 P 0 model. Using QCD sum rules, Wang et.al. calculated the mass and decay constant of pseudoscalar, scalar, vector and axial vector D mesons by taking the contributions from next to leading order terms [64] . Using QCDSR, the contribution up to leading order term have also been used to calculate the properties of scalar D mesons [39] . By using the unification of chiral SU(3) model and QCDSR, the in-medium mass and decay constant of pseudoscalar, scalar, vector and axial vector D mesons are calculated in the strange hadronic medium and observed a negative (scalar and vector) and positive shift (pseudo scalar and axial vector) in the mass of D mesons [25, 29, 66, 78] . In these articles, authors have also calculated the in-medium decay width of higher charmonium states [29] and scalar D mesons [25] . The in-medium decay width of different heavy charmonia is also calculated using quark anti-quark pair 3 P 0 model [31] and recently this model was also used to calculate the decay width of ψ(4260) [79] .
The outline of the present paper is as follows: In the forthcoming subsection II A and II B,
we will briefly explain the formalism to calculate the effective masses and decay constant of pseudoscalar and scalar D mesons under the effect of magnetic field. In subsection II C, we will describe the methodology to calculate the decay width of higher charmonium states. In section III, we will discuss the quantitative results of the present work and at last in section IV, we will give a conclusion.
II. FORMALISM
We use the unification of chiral SU(3) model and QCDSR techniques to study the effective mass and decay constant of scalar and pseudoscalar D mesons. These non pertutbative techniques are constructed to understand the low energy QCD by using renormalization methods [32, 37, 39, 41] . In this section, we gradually discuss the quark and gluon condensates, in-medium mass and decay constant of D mesons and the magnetic field induced charmonium decay width.
A. Quark and Gluon Condensates from Chiral SU(3) Model
We use the non-perturbative chiral SU(3) model, constructed on the basis of effective field theory. This model incorporates the basic QCD features such as non-linear realization of chiral symmetry and trace anomaly [9, 32, 37, [80] [81] [82] [83] . In this framework, the trace anomaly (broken scale invariance) property of QCD is preserved by the introduction of scalar dilaton field χ [9, 32] . Also, the isospin asymmetry of the medium is incorporated by the introduction of scalar isovector delta field δ and vector-isovector field ρ [37] . The model is built under the assumption of mean field potential in which the mixing of vector and pseudoscalar mesons have been neglected, hence the effect of thermal and quantum fluctuations are not studied in the present work [15, 37] . The effect of the external magnetic field is taken by adding the Lagrangian density due to magnetic field in the chiral effective Lagrangian density [9, 15] . By minimizing the thermodynamic potential of chiral SU(3) model [9, 74] , the coupled equations of motion of the scalar (σ, ζ, δ, χ), and vector (ω,ρ), meson exchange fields are derived and are given as
so as to generate the masses of η and η ′ mesons. In addition, the parameters f π , f K and m π , m K are the decay constants and masses of pions and kaons, respectively. Moreover, the effect of isospin asymmetry is introduced in the nuclear matter calculations by the
Where ρ s i and ρ v i represent the scalar and vector densities of i th nucleon (i = n, p) in the presence of magnetic field which is applied in the Z-direction [9, 84, 85] and τ 3i is the I 3 component of isospin. With the interaction of protons with magnetic field, the Landau quantization takes place [9, 84] . This circular confined motion disrupt the net momentum k in two parts, i.e., k ⊥ (perpendicular to the Z-axis) and k (parallel to Z-axis) [9] .
The magnetic field induced scalar density as well as the vector density of uncharged neutron given in Eqs. (1) and (5) are given as [84, 85] 
and
respectively. Similarly, for the charged proton, the scalar and vector densities are given by [84, 85] 
respectively, wherem p is the induced mass under the effect of magnetic field, which is defined asm
In above equations, ν represents the Landau quantized levels and m * i = −(g σi σ + g ζi ζ + g δi τ 3i δ) is the effective mass of the nucleons. Here, g σi , g ζi and g δi represent the coupling constants of i th nucleons with σ, ζ and δ fields respectively. The effective single particle energy of proton is given byẼ
, whereas for neutron its expression is given asẼ
. The constants k i and s are the anomalous magnetic moment and the spin of the nucleons respectively. In
k,s represent the finite temperature distribution functions for neutron and proton and their antiparticles, and are given as
As we will see later, to calculate the effective mass and decay constant of scalar and pseudo scalar D mesons using QCDSR, we need the values of quarks and gluon condensates.
In chiral model, the scalar quark condensates can be related to symmetry breaking via relation [9] 
where L SB is a explicit symmetry breaking Lagrangian term [9] and by using this equation
we formulated the up and down quark condensates, which are expressed as
respectively. In above m u and m d are the mass of up quark and down quark respectively.
Also, by using the broken scale invariance property of QCD [9, 32, 37] , the scalar gluon
is formulated by the comparison of energy-momentum tensor (EMT) of QCD with the EMT of chiral model and is expressed in terms of scalar fields through the relation [9] α
The value of d= 2 11 has been taken from QCD beta function, β QCD at the one loop level [32] . Product Expansion (OPE) method [39, 41, 43, 64] . These methods are used to deal with the divergence occurred in the asymptotic perturbative series [39, 41] . We will see further the mass and decay constant of these open charm mesons is expressed in terms of scalar and gluon condensates, which contains the effect of medium parameters such as temperature, density, asymmetry and magnetic field. We start with two point current correlation function Π(q) which represents the Fourier transformation of the time ordered product of the isospin averaged meson current, J ′ (x) and can be written as [29, 64] 
where q is the four momentum and ρ N and T represent the nucleon density and temperature of the medium. In Ref. [40, 86] , the mass splitting of the different oppositely charged mesons are also investigated by dividing the current correlation function in even and odd terms. In this article, we have considered the average meson currents of the particle D and their
antiparticleD. The average current of scalar and pseudo scalar meson is given by the following mathematical relations
respectively. In above, the quark operator q(x) is for u and d quarks and c(x) is the charm quark operator. The selection of q depends upon the quark content of the given meson.
From the quark composition of D mesons one can easily understand that the (D + , D 0 ) and
) form the isospin doublets and they show mass splitting in the presence of isospin asymmetric medium [29] . Now, for the nuclear matter in the Fermi gas approximation, we divide the correlation function Π(q) into vacuum, static nucleon and thermal part as
where T N (q) is the forward scattering amplitude and m N denotes the nucleon mass. The third term,i.e., pion bath contribution represents the thermal effects of the medium and is given as [87] 
In the present investigation, we can neglect this thermal effects term as the temperature and magnetic effects of the medium are incorporated by quark and gluon condensates, which are calculated in terms of the meson exchange fields as discussed earlier in the subsection II A [25, 78] . By neglecting the third term from Eq.(21), the expression becomes
The forward scattering amplitude T N (q) can be written as
The amplitude T N (ω, q ) can be related to the DN(D 0 N) scattering T -matrix in the limit
where a D/D 0 is the scattering lengths of DN (D 0 N) interactions. This scattering matrix can be represented in terms of phenomenological spectral density ρ(ω, 0), which can be parametrized in three unknown parameters a, b and c [39] ,
In above equation, the first term represents the double pole term, which related to the on shell effect of T matrices and can be related to the scattering length as
Furthermore, the second term in Eq. (26), represents the single pole term that relates the off-shell effects of T matrices; the last term corresponds to the remaining contributions 
respectively. Hence the effective mass of open charm mesons can be written as
Note that m D/D 0 denotes vacuum mass of pseudoscalar and scalar D mesons.
As discussed earlier, the Landau quantization takes place with the interaction of charged 
On the other hand, due to their uncharged nature the neutral pseudoscalar (D 0 ) and scalar (D 0 0 ) mesons have no modification due to magnetic field. We get the analytic QCDSR in terms of two unknown parameters a and b by equating the Borel transformed forward scattering amplitude T N (ω, q ) in the OPE side with the Borel transformed forward scattering amplitude T N (ω, q ) in the phenomenological side [39] . The parametrised QCDSR are given by equation
The explicit form of Borel transformed coefficients having next to leading order contributions for the pseudoscalar current J 5 (x) is [64] ,
For the scalar current J(x), we have [65, 66] ,
In above equations, The nucleon expectation values of the chiral condensates can be calculated by using
where O denotes an operator. Now, by taking the expectation values at both sides of above equation,
where O vac and O N denote the vacuum operator and nuclear matter induced operator in the Fermi gas model, respectively [88] .
Following this, the nucleon expectation values of light quark and gluon condensates are expressed as,
The condensate qiDiDq ρ N appearing in Eq. (41) can be calculated in terms of light quark condensates using equations [29, 89] 
In this article, we have used the condensate value q † iDq N =0.18 GeV 2 ρ N from the linear density approximations results [89] . Now, in Eq. (32) , to calculate the values of two unknowns a and b, we need one more equation, which can be obtained by differentiation of
By solving Eqs. (32) and (46) simultaneously, we get the following mathematical formulas to find a and b
The obtained values of a and b are used to calculate the mass shift and decay constant of D mesons given by Eq. (28) and (29) respectively. 
In above, k c − k D and k D − k c represent the momentum of charm quark and anti charm quark of charmonia C. Since the decaying particle is assumed to be at rest, the magnitude of the momentum of D andD meson is same,i.e.,
the wave function of quark anti-quark pair in the vacuum and for the charmonium, We start with the harmonic oscillator wave function [25, 31] 
where L Further, the decay rate of charmonium state decaying into DD pair can be represented as [25, 93] ,
Here,
and centre of mass momentum
In above, m C is the mass of charmonia and M LS is the invariant matrix amplitude.
Using Eq.(50), the decay rate of different higher charmonium states can be represented as [29, 31, 93] ) , (54) and
In above equations, the variables r and β D incorporate the modification of wave function due to the nodal structure of the initial and final state mesons [94, 95] and their values are fitted with the help of the experimental partial decay width of ψ(4040) to DD mesons [31] .
The parameter y is expressed as, y = 
III. NUMERICAL RESULTS AND DISCUSSIONS
In this section, we will discuss our observations on effect of magnetic field on masses [29] . Our further discussion of this section is divided into three subsections.
A. Magnetic Field Induced Quark and Gluon Condensates.
In this subsection, we have shown the results for the medium induced light quark and gluon condensates, which are calculated using chiral model described in subsect II A. From the expressions given in Eqs. (15)- (17), one can see that the condensates depend upon the scalar fields σ, ζ, δ and χ, which are solved under different conditions of medium such as density, magnetic field, temperature and asymmetry [9, 74] . In fig. 1 and fig. 2 ) with respect to magnetic field at isospin symmetry parameters η=0 and 0.5, respectively. We have shown the results at nucleon densities ρ N =ρ 0 and 4ρ 0 , and temperatures T = 0, 50, 100 and 150 MeV. In fig. 1 , at η = 0, we can see that the magnitude of up and down quark condensates increases with the increase in the magnetic field. One can also conclude that the density effects are also appreciable as the magnitude of quark condensates decrease with the increase in the density.
Moreover, inclusion of temperature effects decrease the magnitude of quark condensates but the trend concerning magnetic field remains the same. For example, in symmetric nuclear medium for eB = 4m (3.41), 4.7 (3.25) and 4.5 (3.14) GeV. It may be noted that despite η=0, the value of up and down quark condensates are different which is contradictory to the previous work (at zero magnetic field) as up and down quark are isospin partner and hence indistinguishable in symmetric nuclear matter [78] . This is because of the Landau quantization, which occurs due to the interaction of charged protons with magnetic field. This interaction disturbs the equality between scalar density of proton and neutron and hence the magnitude of δ field become non-zero [74] .
In sub-plots (e) and (f), we have also shown the results for scalar gluon condensate and observed that the magnitude of gluon condensate changes very less as compared to light quark condensates. This is the reason why open charm meson experience larger mass shift than the ground state charmonia [9, 29] . The value of gluon condensate at nuclear saturation density decrease as a function of magnetic field and this trend becomes more appreciable at ρ N =4ρ 0 . Furthermore, we observe the temperature effects on gluon condensate are opposite than the quark condensate. This is because the gluon condensate depends on the fourth power of χ field along with σ and ζ field (see Eq.17) whereas quark condensates (see Eq.15 and 16) has only σ and δ field dependence [74] .
In fig. 2 , at η=0.5, we observe similar behaviour of condensates as a function of magnetic field as was at η = 0, expect at low temperature. For example, at eB = 4m (3.31) GeV. We also observed a crossover behaviour in the plot of gluon condensate. In this case, the expectation value of scalar gluon condensate increase for low temperature whereas it decrease for high temperature. This is because in a medium having large number of neutrons, the behaviour of neutron scalar density in low-temperature modifies [15, 74] .
The nucleon expectation values of condensates are linked with nuclear matter expectation value of condensates via Eqs. (39) , (40) and (43) Therefore, from Eqs. (15) and (16), one can see that in symmetric nuclear matter, these quark condensates are directly proportional to scalar fields σ and δ, hence the behaviour ofwith different medium parameters is same as that of σ field (as δ field has very less variation with magnetic field for η = 0) [74] . On the other hand, for asymmetric matter, the condensates have mixed contributions of σ and δ fields as the δ field varies appreciably with the increase in magnetic field. Moreover, the gluon condensate has the dependence on scalar fields σ, ζ and χ. The scalar fields as a function of magnetic field with different value of density, asymmetry and temperature are plotted and discussed in our previous work [74] . As per inverse magnetic catalysis, the scalar fields gets enhanced due to the generation of additional fermion anti-fermion condensates in the presence of magnetic field [6, 70, 74] . Besides the mixing effects, an additional perturbative positive mass shift is also found due to the magnetic field. In our future work, we will also include the mixing effects of D mesons in the presence of magnetic field.
In fig. 4 (fig. 6 ), for a given value of density, temperature and isospin asymmetry the D meson in the presence of magnetic field and other medium properties are shown in Table   V . In symmetric nuclear matter, the magnitude of ∆f * D increase as a function of magnetic field, whereas it decrease with the increase in temperature. But for η = 0.5, the crossover behaviour is observed as was the case for effective masses. This is because the shift in decay constant is calculated using the shift in effective mass (see Eq. (29)) in the QCDSR. It may be noted that for scalar mesons, the shift in decay constant is negative despite the positive mass shift.
C. In-medium Decay Width of Higher Charmonium States
Now, we will see how the obtained magnetically induced masses of pseudoscalar D meson affect the in-medium decay width of higher charmonia (ψ(3686), ψ(3770), χ c 0 (3414), χ c 2 (3556)) decaying to DD pairs.
We have neglected the medium modifications of the parent charmonia in the present work. In fig. 7 and fig. 8 , we have shown the variation of partial decay width of charmonia ψ(3686) and ψ(3770), respectively, decaying into DD mesons as a function of magnetic field in the nuclear matter.
In Table VI , we have listed the observed values of in-medium decay width of charmonia mesons is plotted as a function of magnetic field eB under different conditions of medium. When we move from isospin symmetric medium to asymmetric medium, we observed appreciable effects for density and magnetic field whereas least effects as a function of temperature. This is the reflection of the observation of the in-medium mass of daughter meson in the respective medium, which occurs due to the unbalanced behaviour of scalar density of neutron and proton under the magnetic effects [74] . In high-density regime, at η=0, the partial decay width of parent meson decrease with the increase in magnetic field and increases as a function of temperature. However, for η=0.5, it increases for lower value of temperature and decreases for higher value of temperature.
These observations are contradictory to the explanation given in the previous paragraph as the high decrease in the mass cause decrease in decay width too. In Eq.(52), the decay width is the product of Gaussian and polynomial expression. In high density, the polynomial part of the decay width dominates the Gaussian part. In Table VI , we have also compared the results with and without magnetic effects. We see that the increase in magnetic field causes more decrease in the value of decay width in low density as compared to high density for D + D − decay channel and for neutral D meson pair, the decay width increases for low density and decreases for high density.
In fig. 8 , we plot the results of decay width for decay channels ψ(3770) → D + D − and ψ(3770) → D 0D0 for same parameters. For the former case, at lower density and particular value of temperature, the decay probability decreases slowly with the increase in magnetic field. The temperature and asymmetric effects are appreciable in the high magnetic field regime. At high density, the trend of decay width is exactly opposite as a function of magnetic field and temperature. The values of decay width increase with the increase in magnetic field which is due to the higher mass of parent meson ψ(3770). The mass of parent meson rectifies the centre of mass momentum p D , which results in the modification of the Gaussian expression. The interplay between Gaussian and polynomial expression leads to the above observations. In the same figure, for decay channel ψ(3770) → D 0D0 , at η=0, the decay width decrease with the increasing magnetic field for high as well as low density. However, for high density the decay probability is very less due to the presence of Gaussian term (e Whereas for asymmetric matter it decreases for lower temperature and increases for higher temperature with respect to magnetic field. For example, at η = 0.5, ρ N =4ρ 0 and T =0 MeV, the value of decay width is 41 (35) MeV at eB/m 2 π =4 (6) whereas at T =100 MeV the value of decay width changes to 39 (47) MeV. The value of decay width of both χ meson increase in the symmetric magnetic nuclear matter as compared to zero magnetic field data whereas for asymmetric nuclear matter it shows asymmetric variation due to δ field corrections.
In [68] , the magnetic field induced decay width of these four charmonium states have been calculated by considering the in-medium masses of the charmonia as well as D andD mesons in the combined approach of chiral SU(3) model and 3 P 0 model at zero temperature only, whereas as discussed above in details we calculation are done at finite temperature which is important from heavy-ion collisions point of view.
IV. CONCLUSIONS
In the present investigation, we calculated the modification in the in-medium masses and decay constant of pseudoscalar and scalar D meson under the effect of external magnetic field at finite temperature, asymmetry and density of the nuclear medium. To calculate the in-medium mass, we used the combined approach of QCD sum rules and chiral SU(3) model.
In nuclear matter, the external magnetic field interacts with charged proton and uncharged neutron (due to non-zero anomalous magnetic moment) which results in the modification of scalar and vector density of nucleons. This magnetic field induced density is used to evaluate the coupled scalar fields of chiral model which are further used to calculate the medium modified scalar quark and gluon condensates [74] . We found prominent effects of magnetic field on the charged D + and D + 0 mesons. Whereas for neutral D mesons, the effects are less. We found the negative (positive) mass shift for pseudoscalar (scalar) D mesons. The temperature and density effects are also quite appreciable. The intervention of magnetic field depletes the effect of isospin asymmetry effects for the charged one but for uncharged mesons it was quite appreciable with crossover effects. As an application part, we calculated the in-medium decay width of higher charmonia in 3 P 0 model and observed appreciable changes in the decay width of ψ(3686) and ψ(3770) but less modification in χ(3414) and χ(3556). The calculated decay width may suppress the J/ψ production and hence, may decrease its yield. The experimental verification of obtained results can be done in the experimental facilities such as CBM, PANDA, J-PARC and NICA.
